This paper aims to empirically model the term structure of the Japanese government bond (JGB) yields. Specifically, we use bivariate-vector error correction models (VECMs) and attempt to capture the relations between various shorter-term and longer-term JGB yields. The interesting findings derived from our investigations by applying VECMs are as follows. 1) First, we find that the linkage between longer-term JGB yields and shorter-term JGB yields is effectively captured by the cointegrating equations (CEs) in the VECMs. 2) Second, we also reveal that, in general, the CEs in the VECMs for the JGBs' term structure statistically significantly explain the next month's time-series changes of the longer-term JGB yields.
Introduction
Term structure of interest rates is one of the appealing and interesting research topics in the fields of economics and finance because it includes rich information as to the economy and financial markets. However, it seems to be difficult for modeling the dynamic evolution of the term structure of interest rates effectively; one theory cannot always explain its shape and the relations among various yields of different maturities. There are many kinds of approaches to modeling the term structure of interest rates (e.g., Vasicek, 1977; Cox et al., 1985; Hull and White, 1990; Heath et al., 1992) ; however, the time-series characteristics and the adaptive theory of term structure tend to largely shift in accordance with the changes of economic environment, thus employing empirical approach is considered to be very natural for modeling the term structure.
Based on the above background and motivation, this paper aims to empirically model the term structure of various Japanese government bond (JGB) yields. More specifically, using bivariate-vector error correction models (VECMs), we attempt to capture the various relations between shorter-term and longer-term JGB yields. The interesting findings derived from our investigations by applying VECMs are as follows. 1) First, we find that the linkage between longer-term JGB yields and shorter-term JGB yields is effectively captured by the cointegrating equations (CEs) in VECMs. 2) Second, we also reveal that, in general, the CEs in the VECMs for the JGBs' term structure statistically significantly explain the next month's time-series changes of the longer-term JGB yields. As to the organization of this paper, the next section reviews the recent related studies, Section 3 documents our data and variables, Section 4 explains our models, Section 5 describes the estimation results of our VECMs, and Section 6 concludes the paper.
Literature Review
This section briefly conducts a literature review by focusing only on the recent related studies, which investigated the term structure of interest rates. First, using the UK data from 1993 to 2008, Chadha and Waters (2014) estimated a macro-finance yield curve model for both nominal and real forward yield curves. An interesting study of Hamilton and Wu (2014) investigated a number of testable implications of affine term structure models. Further, Dang-Nguyen et al. (2014) suggested that the affine dynamic Nelson-Siegel model (Nelson and Siegel, 1987) linked the affine class of models with the Nelson-Siegel interpolation scheme of yield curves, and they proposed an extended term structure model. Germany, Jotikasthira et al. (2015) found that the US yield level and inflation together explained over two-thirds of the various maturity yields' covariances. Further, Kung (2015) studied the equilibrium term structure of nominal and real interest rates. This study also investigated the time-varying bond risk premiums implied by a stochastic endogenous growth model with monetary policy shocks and imperfect price adjustments. Furthermore, Kung (2015) showed that when calibrated to macroeconomic data, the proposed model by this study quantitatively well explained the means and volatilities of nominal bond yields; this study also pointed out the failure of the expectations hypothesis in their analyses. 
Data
This section describes the data and notations of seven kinds of JGB yields used in this study. First, J6M denotes the six-month JGB yield, J1Y means the one-year JGB yield, and J2Y denotes the two-year JGB yield. Moreover, J3Y denotes the three-year JGB yield, J5Y means the five-year JGB yield, J7Y denotes the seven-year JGB yield, and J10Y means the ten-year JGB yield. Our samples are monthly and the full sample period in this study spans January 1984 to December 2014. All data are supplied by the QUICK Corp.
The time-series evolution of the above seven kinds of JGB yields is shown in Figure 1 . In addition, the descriptive statistics of the above variables are displayed in Table 1 . As Figure 1 shows, the seven JGB yields once increased around 1990, which is the period of the bubble economy in Japan, and then continuously decreased until the end of our sample period, December 2014. Moreover, from Table 1 , we understand the following characteristics as to our seven kinds of JGB yields. 1) First, the mean values of the JGB yields become higher as their maturities are longer although this tendency is natural. 2) Second, very interestingly, volatility becomes lower as their maturities are longer. 3) Third, all skewness values are larger than zero and fourth, 4) all kurtosis values are lower than three, which is the value of the normal distribution. 
Models
In order to model the term structure of JGBs, we estimate six kinds of VECMs. Namely, they are models of 1) J1Y and J6M; 2) J2Y and J6M; 3) J3Y and J6M; 4) J10Y and J6M; 5) J10Y and J5Y; 6) J10Y and J7Y. The model determinations are based on the Johansen's (1991; 1995) cointegration tests and all our bivariate models are summarized as the following equations (1) and (2):
In the above equations, CE = JGBL t−1 + λJGBS t−1 for the model of 1) J3Y and J6M whilst CE = JGBL t−1 + λJGBS t−1 + ν for the models of 1) J1Y and J6M; 2) J2Y and J6M; 3) J10Y and J6M; 4) J10Y and J5Y; 5) J10Y and J7Y. Lag orders p and q are different according to models. Further, in the above equations (1) and (2), JGBS denotes the shorter-term JGB yield whilst JGBL means the longer-term JGB yield. Moreover, ΔJGBS denotes the first difference of the shorter-term JGB yield while ΔJGBL means the first difference of the longer-term JGB yield.
Estimation Results
Estimation results of our six kinds of VECMs are shown in Table 2 . More specifically, in Table 2 Our estimation results are very systematic and interesting because all coefficients λs are statistically significant with negative signs in all six models. In addition, CEs in VECMs are mostly statistically significant with negative signs in the equations that explain the changes of longer-maturity JGBs. Specifically, in Table 2, value. Further, ***, **, and * denote the statistical significance at the 1, 5, and 10% levels, respectively.
Therefore, to sum up, our VECMs effectively capture the reverting characteristics of longer-maturity JGBs' yields to the relationship between longer-and shorter-maturity JGBs' yields, which is suggested by the CEs in the VECMs. This means that the VECM is one of the most favorable models to analyze the time-series evolution and linkage as to the term structure of the JGBs in Japan. Figure 2. Time-series evolution of the cointegrating equations derived from the VECMs
Summary and Conclusions
This paper empirically approached to modeling the term structure of the JGB yields in Japan. The interesting findings derived from our investigations by applying the VECMs are as follows. 1) First, we evidenced that the relations between longer-term JGB yields and shorter-term JGB yields were effectively captured by the CEs in the VECMs. 2) Second, the CEs in the VECMs for the JGBs' term structure statistically significantly explained the time-series changes of the longer-term JGB yields in general. This evidence can be interpreted that our VECMs well captured the time-series characteristic of the longer-maturity JGBs' yields which tended to revert to the conintegrating relations between the longer-and shorter-maturity JGB yields.
We consider that the above empirical findings are interesting and useful for the future research not only for the Japanese bond markets but also for the other international bond markets. For example, recently, the international economic environment is rapidly changing, thus analyzing the term structure by using VECMs and different multiple sample periods shall be important; it may lead to additional new empirical findings. Further, it is considered that the time-series data of the CEs derived from VECMs could be used for analyzing the evolution of macroeconomy. Moreover, similar application of VECMs with our present study could be also implemented for investigating the relations between government bond yields and corporate bond yields, for example. We consider that these possible studies are our future works and this study should be an important and useful step for various related researches in the future.
